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2004 Particle Data Group Summary

B S u m m ary BOTTC()E/I, STRASNGE M)ESONS
5 decay modes observed -
3 B ra n C h I n g fraCt I O n S 1, J, P need confirmation. Quantum numbers shown are quark-model

predictions.
Mass Mmgo = 5369.6 + 2.4 MeV

18 Upper |imitS On BR Mea;'f}3;i;461i0.057)><10*125

B2-BY mixing parameters
Dmgo =mgy —mg > 144x 102 his™1, CL = 95%
s sH sL
> 94.8 x 10710 MeV, CL = 95%
X5 = Dmpg/Tgo > 206, CL = 95%

[ ]
Xs > 049883, CL = 95%
These branching fractions all scale with B(b — BY), the LEP BY pro-

duction fraction. The first four were evaluated using B(b — B2) =

(107 4 1.4)% and the rest assume B(b — BY) = 12%

- . The branching fraction B(Bg — D €T vganything) is not a pure mea-
surement since the measured product branching fraction B(b — B2) x
B(BY — D T vjanything) was used to determine B(b — BJ), as
described in ti\e note on “Production and Decay of b-Flavored Hadrons.”

For inclusive branching fractions, e.g., B — D¥anything, the values

» usually are multiplicities, not branching fractions. They can be greater
C KM phySICS o

p
B9 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
" D; anything (94 £30 )% -
D ¢+ vpanything [kkk] (7.9 + 2.4)% -
Dt <13 % 2322
D)+ Dy ()= 23 2% -
» J/p(1S) 6 (93 +33)x1074 1590
J/(18)7° < 12 x10-3 90% 1788
ew sics (beyon
¥(2S) ¢ seen 1123
ataT < 17 x 1074 90% 2681
7070 < 21 x 1074 90% 2681
Standard Model
nn < 15 x 1073 90% 2628
000 < 320 x 104 90% 2570
¢p° < 617 x 10~4 0% 2528
) < 1183 x1073 90% 2484
at K- < 21 x 1074 90% 2660
KT K~ < 59 %1075 90% 2639
K*(892)° p° < 767 x 1074 90% 2551
K*(892)° K*(892)° < 1681 x10-3 90% 2532
$K*(892)° < 1.013 x 1073 90% 2508
PP < 59 x 1075 90% 2516
vy < 148 x 1074 90% 2685
. n by < 12 x10—4 90% 2588
~J 2 B /l I l I n / / e X e r I m e n Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (BI) modes
s B1 < 20 x 1076 90% 2683
ete” B1 < 54 x 1075 90% 2685
et ¥ LF  [gg] < 6.1 x 1076 90% 2684
$(1020) pt pu— BI < a7 x 1075 90% 2584
VT B1 < 54 x 1073 90% 2588



2004 Particle Data Group Summary

/\ b S U mm a ry BOT'F(%M:B_AIR)YONS

A =udb, =% = usb, =, = dsb

4 decay modes seen A ) -ah

/(JP) not yet measured; 0(3 1) is the quark model prediction.

2 BranChlng Fractlons Mass m = 5624 + 9 MeV (S = 1.8)

Mean life 7 = (1.229 + 0.080) x 10712 s
cr = 368 um

L] L]
3 | ' p pe r I I m ItS O n B R These branching fractions are actually an average over weakly decaying

b-baryons weighted by their production rates in Z decay (or high-energy
pP). branching ratios, and detection efficiencies. They scale with the LEP
b-baryon production fraction B(b — b-baryon) and are evaluated for our
value B(b — b-baryon) = (9.9 + 1.7)%.

The branching fractions B(b-baryon — A~ Tyanything) and B(/\% —

L}
A?Efﬁlanything) are not pure measurements because the underlying
I measured products of these with B(b — b-baryon) were used to determine

B(b — b-baryon), as described in the note “Production and Decay of
b-Flavored Hadrons.”

For inclusive branching fractions, e.g.,, B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater
e S than one.
P
C K M h - Ag DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
p yS I CS J/P(1S)A (4.7+2.8) x 10~4 1744

/\CJr T seen 2345

ot - /\:— 81(1260)7 seen 2156

C P VIOIatlon A ¢~ Dyanything [ (92%£2.1)% -
pr < 5.0 x 105 90% 2732

pK™ < 5.0 x 1073 90% 2711

Form Factors "

Tevatron produces
~2 \,/min/n/experiment



Detector Cogiral fuon
Wall Calorimeter (H) f ﬁ. Solenoid
Tracking/muon |n| <1 e

CDF Experiment
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Detector

: ® Muon/tracking coverage |n|< 2
: L e Silicon coverage |n|<3
| Shielding ' | I
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B, Decays
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Rare B, Decays

Bs —> (py(*): ] W S
e B.—~ puu u,c,t\Ap< y
e B.— @ (+strong penguin) ) 19

e B, » W(2s)p
Similar physics as BY— X, y, (Martin Gorbahn’s talk)
Observation at Tevatron in reach

A

Bs*lilli S -

S ~
> \%Y

Standard Model Prediction small
B(BO N ,LL+,LL_) _ (3.5 4 0.9) < 10—9 Buchalla, Buras; Misiak, Urban
Observation at Tevatron implies new physics



Events/24 MeV/c?

Both modes normalized using Bs = /W@

CDF Runll Preliminary L=179 pb’
71— 12 events in search window
C Expected BG events = 1.95 +0.62
6 -
- Mauro Donega’s talk
S
4k
3L |

CDF Run Il Preliminary L =355pb’

B, — (2S) ¢;p(28) = u'w

| yield =20.2 + 5.0 events
- mean =5366.49 = 1.88 MeV/c®
sigma=6.70 = 0.00 MeV/c?
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B, — y(2s) onp(2s) — M+M' Candidates, Mass[GeV/cz]

B(Bg — 9(25)¢)

IR S

58 6

2
m.. [GeV/cT]

B(By — J/¢¢)

— 0.52 = 0.13(stat) + 0.04(syst) + 0.06( BR)

B(B? — ¢¢) = (1.4 £0.6(stat.) + 0.2(syst.) £ 0.5(BR)) x 107°

12 events in
W(2S) = T T




B.— (p|J+|J' Sensitivity

S . . . DO sensitivity (95% CL upper limit)
ensitivity projection B(B® = ¢utu~) =12 x 1075

Mean = 5354.95 MeV
— DO Run Il Preliminary | Width =27.32 MeV
Signal = 74
Background = 22
S/(S+B) = 0.767

-
[=2)

. + -
* B~y J—=p
® 300 pb"!' data analyzed

—h
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N

Frank Lehner’s talk

# of events / 10 MeV
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Similar analysis at CDF
is underway

N

Look forward to results in near
future.

O

I 1 1 1 |
5 5.2 5.4 5.6 5.8 6
Invariant mass (u* uw” K* K) [GeV/c]



300 pb"!

IR il .
w 120 | D@ Run Il Preliminary
% 100 i B = JyK
S 8o N =906 =+ 35 = 22
g o
5 20:' . o8
8 5 52 54 56 58 6
Invariant mass (u* w K*) [GeV/c']
2 —
“> 1.8-D@ Run Il Preliminary
% 1.6;— Signal region
S 15C Sideband 1 Sideband 2
w15
Z 0.8
S 0.6
> 0.4F]
= 0.2F
0: 1 T :  —— B o et 1
46 48 5 52 54 56 58 6 6.2

Invariant mass (u* w ) [GeV/c]

B(BY — utp™) < 3.7x1077(95% CL)

S

Cut based analysis
O Transverse decay length (Lxy)

o Isolation Ar = (AP-I-2 + An?)L/2
(Pp){up]

r
track

o Vertex pointing(transverse plane)

P
) MU

4
4

secondary vertex

primary vertex



Rare Decays:. Bs — yu

Use discriminating variables to

_CDF Preliminary

form liklihood. o [ 364 pb '
> |- -
e fransverse decay length & 58
e |solation 2 5ol .
e pointing =. N Y
E 0.5 CDF Pr?Ii_minary = 54. .o . . H
= Bs(d)_>“1M | 5 0. . .. . - %
X 364 pb _ <1 P "By
g 0.4 Slgnal -. - o - L
. 54 - - .
o (Pythia MC) | & =1 ., .-
£ 0.3 : =" ] . . .
T 484 . . EE
02|l Background | P L L
(data side%ands) 0.8 0.85 0.9 O.gslikeliho:)d
0.1+
B(B® — ™) < 4.9 x 1078(95% CL)
0

0 010203040506070809 1 - — :
Likelihood B(By — p"p) <2.0 x107°(95% CL)




MSUGRA

Dedes, Dreiner, Nierste, PRL (2001) 251804

solid red: excluded by
theory or previous
experiments.

Dashed red line: light
higgs mass (m,)

Dashed green line: SUSY
da,, (107 units)

Black Line: BR(B, — pp)
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Entries per 10 MeV/c *
(6]
o

B, mixing “golden

Normalization
CDF Run Il Preliminary, L =119 pb

- N(B%)=1135 + 43 \

a1
o

N
o

Entries per 20 MeV/c °

O

faB(BY — D7)

5.0 52 54 56
D n* Mass [GeV/c 2]

fB(BY = D—7t)

mode”

CDF Run Il Preliminary, L =119 pb ™

N
o

W
o

—_
o

- N(By) = 84 = 11

0 — +
B, — D_ m

..................

o

50 55 )
D x* Mass [GeV/c ]

= 0.35 + 0.05(stat.) £ 0.04(syst.) £ 0.09( BR)




1st Evidence: B,—D_* pvX

BY — DZ(2536)u" 7,
6 track (complex) final state

— D*TK? N
— T T
— D"
— K~ mt
E 10: D@ Run Il Preliminary
o g D7, (2536)
7 0
S 6 !
Bs,'/ i i I
N TR
Vertex 2:_ mH ‘ * .‘ ‘-.||- .-lh-l‘h. T..’ '.ﬂ’l - .h.l
o HQET Wkl
e D_ "(2536) properties o5t il '255| | L]

Invariant Mass of D* K° (GeV/c )
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N\, Decays
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Goal: Exclusive semileptonic decays!

e Can it be done in a hadron collider environment?
o Test HQET
e prelude to other measurements

CDF Run Il Preliminary

173 pb

2
o ¥ /INDF=122.9/111
Ap= Acm - prob = 20.7%
— p' Kt
N=179 +19
Ay — ALK

—— Four-prong B reflections
------ Qther B meson decays
------ Other A, decays

------ Combinatorial background

5 55 6 65 ;7
M(A7) [GeV/c)

«~ 700
O

< 6001

()]

S 5001

T 400/

(7))

€ 300

g

71 200
100

0

CDF Run Il Preliminary

dgl (1) > 120pm

173 pb :

Brix— AcX
— pK*

y +
N = 1237 = 97

v?/NDF=47.9/38
prob = 13.0%

2.2

2.05

2.3 2.5352
M(pKn) [GeV/cT]

16



1st Observation: /\boﬁ/\C*Jru_v, 2 TTU

2.7 I— P P o~ - — —— ——— S
372+ A (2625) § -
2.6 [— /ot Ag(2593) 40
n = -
+ = 30
o5 |— 3/2 :
= 1/2% 20|
Zg+, +, 0 -
2.4 — 10k
23— 1/2 0% 0.16 0.18 0.20 0.22
i . ) > 120 M(Act*)-M(Ae) [Gevrc)
> m
5o L Ac—type 2 —type OI (K H
Ni’ E ' ' | ' ' ' | ' ' ' |£ No :'I""I""I""I""I""I""I""IIIII
S 35F m + = S  sof 0 _ E
) - : : 0 _ -A sideband
= = A.. sideband A (2625) 1 = - 2 ¢
S 30 A C 5 S C
z F E 2 .
20 E < 30p
: + : :
sb A\ (2593) 20f
10F -
- 10f
5 -
ok O 00 oo o

14 0.15 0.16 0.17 0.18 0.19 0.20 0.21 0.22

M(Acﬂ:- )'M(Ac)

30 0.35 0.40
M(Ac*r)-M(Ae)  [Gevre?]
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Exclusive semileptonic BR

Subtract backgrounds to get exclusive ratio of BR

B(Bsemiteptonic) _ Nsemi.—incl. = Noackground ~ €hadr.
B(Bhadronic) Nhadr. €Esemi.—excl.
Test method with control samples 8 physics background modes
BB — Dtu~m,)

CDF Pre“minar), B(EO D) = 9.8 + 1.0(stat.) £ 0.6(syst.) £ 0.8(BR) £ 0.9(UBR)

B(EO — Dt~ wy,)

2004 PDG Average BE - Din) 7.8+ 1.0 |.20

/ physics background modes

BB — D**u~7,)
B(FO — D*t7—)
B(EU — D**tu"w,)
B(EO — D*t7—)

Signal 5 physics background modes
B(Ay — ATp~7,)
B(A) — Ad7™)

CDF Preliminary — 17.7 4+ 2.3(stat.) & 0.6(syst.) = 0.4(BR) £ 1.1(UBR)

2004 PDG Average =197+ 1.7 0.30

CDF Preliminary = 20.0 & 3.0(stat.) £ 1.2(syst.) T3 7 (BR) + 0.5(UBR)




Ratio of Branching Fractions: HQET Test

Experimental Uncertainties:

e Data Sample size (15%)
e External (10%) :
(BR(A, —pKm) + fbaryon/fd) CDF Preliminary |

T
®

Theory:

Huang: QCD Sum rule Huang . et
hep-ph/0502004 |

Jenkins, et al.: Large Nc limit

Jenkins,Leibovich, Ligeti,

Future: Stewart, Wise
Phys. Lett. B586, (2004) 377.f
® Form factors
e Polarization 6 8 1012 14 16 18 20 22 24
V BR(A,—A uwv)/BR(A,— A )
V|

R.J. Tesarek Fermilab WINO5 Delphi, Greece June 6-12 2005 19



CDF Run Il Preliminary

Ap,—hh (pK', p1T )

Events/15 MeV/c>
S
=)

e Expect large CP
asymmetry (10-20%)

BO

!
<

mlllllllllllllllll

MC (Arbitrary scale)
Ay — PK ﬁh/\ — pr
b b
| | | 1 1 | L ﬁ% | | 1 | | | | | | |
5 2 54 5.6 5.8

B(A} — hth™) <2.2x107° (90% C.L.)

L=1934

A, search window

bl sl

M, [GeV/c?]




—t
=
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® Expect rich resonance
structure

(Ac*’ Zc++, +, O)

—
[\ ]
o

—

o

o
III|III|III|III|III|.—G

Events / 0.01 GeV/c?
o
o

® Study charm baryons

[o7]
o

9
=]

N
o

o

1st Observation: /\b—>/\C+n+n'rt'

CDF Il Preliminary:

A) = Afrta— g~

—

——
-
— g
o
F_N
—
—
-
7 2
—a—

4
\& |

|*III|IIII|QIII

N(A37) = 120 candidates

qu "

(4]

"52 53 54 55 56 57 58 5.9
m(A, 3n1) (GeV/c?)




B, Decays:

e (Observation and BR for 3 decays
e, Y(25)p, D
e Limits on SUSY mSUGRA (B, — pu)

e Observation of new semileptonic decay (B,— D, UvX)

N\, Decays:
e (Observation of 5 new decay modes
A(2593)uv, A *(2625)pv, ZC++|JV, Zcouv, A3
e Exclusive semileptonic BR
e Upper limit for BR rare decay (A, — hh)

Just the beginning...

R.J. Tesarek Fermilab WINO5 Delphi, Greece June 6-12 2005
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Backup Slides
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CDF Run Il Preliminary L=355pb"

CDF Run Il Preliminary L =355pb’

> 10 > F ;
2 L B, y(29) 4;0(28) - W' 2 o[ B.—w(29) ;y(@S) - Iy T
S L I S r
$ 8l vield =202 =50 events & 5[ yield =123  :4.1 events
@ [ mean=5366.49 =+ 1.88 MeV/c® @ [ mean =5366.63 = 3.20 MeV/c?
o sigma=6.70 = 0.00 MeV/c? 4lC_sigma =7.77 = 0.00 MeV/c?
- 3
4— C
i 2 : .
il | I 1] |
= o riadon | W ﬂ‘ 1L | SN 11 | Y | R
L‘ [ L‘I_ILILHJ L‘LI = ”u|_ Huﬂh“ :T
_IIIIIIII|-|III|II|I { I | ’J|II|-||_|IIII|JIII -IIIIIIIII II IIIIIIII 111 11

)

515 5.2 525 53 535 54 545 55 555 5.6 g 515 5.2 525 53 535 54 545 55 5,55 5.6
B, — (2s) ¢;y(2s) — u'w Candidates, Mass[GeV/c’] B, — y(2s) ¢; Y(2S) — J/yp ' Candidates, Mass[GeV/c’]

—h
—t

24



~ 180 CDF Run Il Preliminary 173 pb

Qeo|F—Dw B DD
% 140. — Kttt B — D*X
= N =579 = 30 +?/NDF=80.0/91
o120] prob = 78.9%
7)1 001
£ 80/
® 60
a0
20
0 ‘ ‘ ‘
4.6 4.8 5 5.2 54 9.6
M(Dn) [GeV/c™1
CDF Run Il Preliminary 173 pb
w70 :
B— Dt —B —D'K
390 o gD
= 501 — Kt ; B —~DX
o N=106+ 11 x“/NDF=20.7/12
N 40 prob = 5.4%
S~
N
c 30
)
11 201
10{
0

45‘.2* 54 5.6
M(D =) [GeV/c"1

1

_CDF Run Il Preliminary 173 pb )

Bnix— D'wX

D, reflection — Kt

N =4720 = 100

CDF Run Il Preliminary 173 pb ~

1.8 1.85 1.9 1.952
M(Knr) [GeV/cT]

1

&)
S350

) 1
=300
<250/
©200
%

21504

N = 1059 = 33

©100]

W 50 }

v*/NDF=107.7/93
prob = 14.1%

8.14

0.15 0.16 o+of1‘7‘ + 62.18
M(D°x)- M(D®) [GeV/c]
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0

Ap backgrounds

| — AlDecays
--- B'=Du'v
100 | Ry
- B'>D Aty
F— B’ =D, u'v
B -»Dttv
Fo B Dty

- B>D " u'v

@
o
I

dN/dM (events/0.1 GeV/c?)

60 | - B =D, wv

40 |

0 | Lyt i-.-l | P Ll 1
102 ¢

10

dN/dM (events/0.1 GeV/c?)

-1
10
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R0

Ap backgrounds

! ==l
25 3 35 4 45 5
M(Du)[GeV/c’]
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25 3 35 4 4575
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120
104
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60}
40}
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055 3 36 4 45 5 55

M(AW)[GeV/c’]
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